Welding apprentices invest in their professional and technological education. The welding work, and before that, the welding apprenticeship, exposes the apprentices to several risk factors, such as a physical, chemical and physiological. Exposure to these factors can trigger various health disorders and accidents. Among some of the health disorders that may be triggered by welding activity are skin, lung and stomach cancer, coronary heart disease, noise-induced hearing loss and work-related musculoskeletal disorders. This paper is an integrative review of how studies are developing with welding apprentices. Of 638 articles, ten met the search criteria. The publications cover genetic, respiratory and neuropsychological health disorders and improved welding techniques. It is considered that the identification of a low number of publications on welding apprentices constitutes a need for knowledge construction in the areas of occupational and public health.
INTRODUCTION
Education is within a process of qualification for a job. Specifically vocational and technological education integrates the dimensions of labour, science and technology [1] , leading to ongoing skills development for a productive life [2] . The development of skills for life aims at training a productive workforce. In teaching activities, this training has the objective of increasing productivity and/or meets a social demand of access to culture [3] .
Falling into this branch of education, the courses offered by institutions of vocational and technological education seek to promote the development and improvement of the national industry. Of particular interest for this study are welding courses, which enable individuals to undertake work in this specificity. Such individuals will go on to work as welding apprentices.
Welding apprentices invest in their professional and technological education by undertaking the course and this investment integrates the future work force, not only just classifying the same, in that it converts into a job, but that it also fulfills a need which is socially shared and recognized [3] .
The welding work, for which these individuals are trained, is an operation which involves a localized coalescence produced by heating to an appropriate temperature, with or without the application of pressure and weld metal [4] . In different countries, such as Nigeria [5] , Sri Lanka [6] , France [7] , Denmark [8] , Turkey [9] and Brazil [10] , the issue involving the health and safety of welders is being studied.
During the work, welders are exposed to several risk factors, which are, among others, physical, chemical and physiological [11] . Exposure to these factors can trigger various health disorders and accidents. Among some of the health disorders that may be triggered by welding activity are skin [12] , lung [13] and stomach cancer [14] , coronary heart disease [15] , noise-induced hearing loss [16] and work-related musculoskeletal disorders [17] .
Concerning accidents at work, this study [18] describes the occurrence of accidents, such as thermal, electrical and chemical burns in workers performing electrical activities. The study indicates that welders have higher age-adjusted rates for burn injuries (61.57 perbecause the contact with the chemical compounds present in the metal which causes thermal burns may result in chemical burns.
It is understood that exposure to these risk factors, and consequently, potential illness, can occur during postapprenticeship activity or start during welding apprenticeship. Faced with such factors, the study has aimed to synthesize scientific knowledge generated by research conducted with welding apprentices.
METHODS
To achieve this goal, an integrative review method has been chosen, which allows for complete synthesized research and to obtain conclusions from a given theme.
In the production of this review, the following six steps were used: defining the guiding questions; establishing criteria for inclusion/exclusion (selection of articles); definition of information to be extracted from selected articles; analysis of the included studies and interpretations of results and presentation of the integrative review [19] . The question was defined as: How are studies developing with welding apprentices?
The literature review was conducted online in the period from 2002 to 2012. Data collection was conducted in the first half of 2012. The search was based on the keywords: Apprenticeship and Welding, Welding and Apprentice, Trainee and Welding, Trainee and Welders, Welders and Apprentice, Apprenticeship and Welders. The primary search was made using the following electronic databases: CINAHL, LILACS, Medline and Scielo. This search resulted in eleven publications in MEDLINE. In the second search, this was expanded to other databases: Gale-Academic OneFile, Web of Science (Thomson Scientific/ISI Web Services), ScienceDirect (Elsevier), National Science Digital Library: NSDL, Emerald Fulltext (Emerald), MEDLINE/PubMed (via National Library of Medicine), Oxford Journals (Oxford University Press), BMJ, SpringerLink (MetaPress). 197 publications were obtained with the combination of the first keywords, the second, 183, the third, 95, the fourth, 50, the fifth, 99 and the sixth, 113 publications.
The criteria used for selecting the sample were: complete articles published and available online, open access, papers discussing the learning of welding; articles with resume for initial assessment; studies written in English, Spanish or Portuguese. Studies repeated in more than one database were considered only once.
The completion of the searches made on the databases resulted in a total of 882 publications and the database that showed more publications was Gale-Academic OneFile, with 576 results. After identification of the results, the next procedure was the removal of duplicate articles, eliminating 244 publications. In order to determine the sample according to the criteria of inclusion and exclusion, the titles and abstracts of 638 publications were read. After this initial analysis, 627 records were excluded, the reason for this exclusion being the approach to the subject of welding work not being about learning welding but just treating learning as a topic. Of these, eleven were used as inputs in the introduction and discussion of this study. Eleven articles were considered as inclusion criteria: four were identified that addressed the topic of welding work and learning quoted above. They were excluded, stipulating seven articles for analysis. To finalize the search, three additional reading texts were added to assist in understanding the subject. Thus, 10 publications were included in the review (Figure 1 ).
RESULTS
In this integrative review 10 articles were analyzed, according to the inclusion criteria previously established. Among the selected articles, five (50%) were produced in the United States [20] [21] [22] [23] [24] , three (30%) in Canada [25] [26] [27] , one (10%) in the UK [28] and one (10%) in Romania [29] , demonstrating that there is greater concern with the issue in developed countries.
The majority (70%) of the reports analyzed were developed in welding schools. One publication described coping strategies for the inability of welders in private enterprises [28] and two publications did not identify research scenario [20, 29] . Table 1 , shown below, shows an overview of the article analyzed.
Among the 10 papers presented, five publications (50%) [21, 22, [24] [25] [26] presented medical writers, three mechanical engineers (30%) [20, 23, 29] , a teacher (10%) [27] and a journalist (10%) [28] .
Regarding the type of journal, five were published in medical journals, two were published in an occupational health journal [22, 25] , one article in a journal of respiratory medicine [26] , and one article were published in a journal specializing in an interdisciplinary journal which addresses public health, environmental and occupational health [21] . Two papers were also published in engineering journals [20, 29] , two in regular education journals [27, 28] and one in a specific journal of welding [23] .
The population studied in the articles selected a total sum of 701 subjects, according to inclusion criteria proposed by studies. However, not all the articles specify their inclusion criteria.
Of the articles used in this review, one (10%) was developed in 2003 [26] , four (40%) in 2005 [21] [22] [23] 25] , one (10%) in 2008 [29] , one (10%) in 2010 [20] and three (30%) [24, 27, 28] in 2011. In 2012 there were no articles found on the topic.
Regarding the variables studied in the articles, three studied the relationship between exposure to welding fumes and respiratory disorders [22, 25, 26] ; in one paper the authors studied the relationship between exposure to welding fumes and genetic disorders [21] ; another the relationship between manganese exposure and neuropsychological disorders [24] ; one approached an online learning of weld theory [27] ; two described tools to assist in the teaching of welding [23, 29] ; one showed strategies to combat lack of skill of welders [28] and one presented the need for training to deal with the automation of welding [20] .
OPEN ACCESS
With regard to the method used in the reviewed articles, it should be noted that the six publications that dealt with this item were all quantitative. Of these, two existing questionnaires were used to measure the variables in studies. One used the "Union Against Tuberculosis and Lung Diseases" [25] and one used the "Student instructional report" [27] . Neither of these are specific questionnaires for learning welding.
DISCUSSION
A conducted review which showed publications about welding apprentices, focuses on exposure to chemical hazards and consequent disease and on improving the learning process of welding.
None of the analyzed studies used specific questionnaires covering the process of welding work. Specific questionnaires need to be built, to grasp the risks, accidents and diseases specific to this work. However, none of the publications have the participation of nurses, which illustrates this absence, which is the theme within this subject.
All texts related to health expressed concern over exposure of welding apprentices to risk factors related to chemical fumes from these metals and the relationship with respiratory disorders [22, 25, 26] , neuropsychological [24] and genetic [21] .
The literature relating to the welder at work also identifies such concerns. A major respiratory disease studied is occupational asthma. Different studies [30] [31] [32] [33] [34] [35] have shown that welders constitute a risk group for developing this disease, which was also demonstrated in the studies analyzed with welding apprentices [22, 25, 26] .
Other diseases identified the harmfulness of welding fumes to the respiratory system. This is because the welding fumes consist of a wide range of metal particles which may be deposited throughout the respiratory tract. The pulmonary effects of welding smoke include bronchitis, fever, cancer and lung functional disorders [6, 36] . An example of a harmful compound is stainless steel, the smoke of which can cause acute lung injury. The size of the inhaled particles and exposure time are significant factors in welding, which must be considered in the development of protective strategies [37] .
The genetic disorders associated with work in welding are related to exposure to lead, chromium and nickel. Studies with welders exposed to these metals have sought to identify chromosomal damage in individuals who used personal protective equipment and individuals who did not. The analysis showed that workers who did not use personal protective equipment had a higher frequency of chromosomal damage than the group that did [38] .
Exposure to manganese, analyzed in a study of welding apprentices, was under investigation [39] and it sought to relate metal exposure with Parkinson's disease but found no direct relationship. However, a study of welders exposed to manganese, identified with the use of MRI, changes to fine motor skills [40] . 
welding apprentices Cohort
The apprentices answered a questionnaire about symptoms related to occupational asthma and underwent spirometry and methacholine bronchoprovocati-on in two stages: firstly, apprentices before being exposed to welding fumes and secondly, at the end of the study (after 15 months). 
The apprentices answered a questionnaire about symptoms related to occupational asthma and underwent spirometry, methacholine bronchoprovocati-on and skin tests to determine allergic reactions in two stages: firstly, apprentices before being exposed to welding fumes and secondly, at the end of the study (after 15 months).
The metal fume fever was reported by 39.2% of the apprentices, through the following symptoms: fever, feeling of general malaise, chills, dry cough, metallic taste in mouth and shortness of breath; 13.8% reported at least one suggestive symptom of asthma (coughing, wheezing or chest tightness); skin test showed that 11.8% of the apprentices developed immunological sensitization with at least one metal solution throughout the study, and the main metals were copper, aluminum, zinc, manganese. The fever was significantly associated with respiratory symptoms, thus the metal fume fever may be a predictor for the development of respiratory symptoms. Describe a system to implement virtual learning welding.
The number of apprentices who used the system was not specified
System of virtual learning welding
To develop the system, the following parameters to be monitored during training are considered: trajectory, velocities, accelerations and tilt in a three axe torch, welding current and shielding gas volume. In the solder laboratory stations equipped with a computer and monitor and several welding machines were created. Each apprentice received a different type of solder to run and a random welding instructor oversaw the records of the work done. On the monitor there was no information about the position and inclination of the soldering gun and records variations of speed and acceleration.
Whenever the learner manipulated the gun the wrong way, the instructor received a report on the monitor and could correct it in real time.
Using classical methods of training, an instructor was able to supervise up to eight apprentices and a minimum of three weeks of training were required to achieve good results. Using the virtual training system, an instructor can supervise up to 20 apprentices in a week and it was possible to detect and correct typical errors made by each.
As national welder shortage looms, adequate training becomes a critical asset Ernest A. Benway
Reflecting on the need for adequate training of welding apprentices and increasing automation of this branch.
-
Learning automation in welding
Reflection on learning automation in welding.
The automation of the weld does not diminish the need for training the workforce. Workers are needed to properly handle the machinery. Thus, automation requires more staff training, not less. Apprentices need to have welding knowledge about the composition of the material used, gases used for welding, power and voltage welding machine and electrode sizes. They also need to understand how to operate the welding automation system. Good training programmes will cover such knowledge.
Continued
Apprenticeship students learning on-line: opportunities and challenges for polytechnic institutions
Martha Burkle
Analyze the expectations of students about online learning; explore the impact of mobile content in student learning; learn about the efficiency of the online course and the ability to engage in the course.
17 electrical apprentices and 7 welding apprentices.
Quantitative and qualitative
Subjects were interviewed using a questionnaire with 23 questions on a Likert scale. The interviews were conducted online. After the interviews were conducted there were focus groups with the apprentices. The information obtained in the focus group was compared with the information obtained during the interviews. And lastly, interviews with instructors were conducted.
Qualitative results show that the theoretical content of online courses showed motivation of apprentices due to availability of the latter at any time. Moreover, the instructors encouraged learning anywhere, breaking the limits of the classroom. Moreover, according to the learners, the time spent by them in practical activities is better used after the theoretical content online. Quantitative data showed that the theoretical content available online helps apprentices to study within work time. Regarding the age of the apprentices, the youngest showed more ease in dealing with the online system.
Apprentices prove their worth at TIS Cumbria David Pollitt
Describe coping strategies for the inability of welders in a private company.
---
To combat the lack of ability of welders, a private company opted to train apprentices with solder powder. A training area was created for training within the company, a full-time instructor was recruited and scale systems were used to identify skill levels, costs and efficiency. In the company, tests were performed industrial radiography, ultrasound, weld inspection and evaluation in a specifically designed 3D studio. Describe a learning tool for use in welding apprenticeship.
The tool described is a helmet that provides visual information about how apprentices are performing the weld and how to improve it. The system reduces the workload of an instructor, working as a teaching assistant while collecting data about the performance of learners. Case-control For data collection, the following methods were used: deployment of equipment for measurement of particle exposure on the lapel of subjects, blood sampling of the subjects before the start of the activity and immediately after welding. In the control subjects, blood was collected 24 hours after the first collection of cases; collection of urine before and after exposure to welding fumes.
The subjects (cases and controls) remained about six hours in welding school. The average result of exposure to particles indicated greater exposure with the welding apprentices. There was no significant difference between the cases and controls. Regarding the biomarkers in the blood and urine identified in subjects, systemic acute inflammatory response was significantly different when related to the smoker and non-smoker factor, with a higher response for smokers. Concerning the difference between before and after exposure to welding fumes, the only difference was for the subjects who were exposed, but no-smokers.
Other publications [20, 23, [27] [28] [29] have covered the technical preparation of welding apprentices for the work. Such preparation is focused on strategies to improve the quality and skill of apprentices as future workers. Among these can be cited a preference for individuals with previous experience in welding [28] , which is similar to that found in another study that considered it more productive to use learners who have prior experience as workers in the civil construction [41] .
The enhancement technique overcomes the barriers of "doing" and includes "know you're doing". Employers need workers who have excellent technical skills which reflect in the work, not only representing means of production, i.e. labour force for the product but knowledge of the subject, exerting physical and mental strength [42] . Therefore, attention should be paid to carry out interventions and discussions about work in welding and the risk factors that these future workers are/will be exposed to during the learning process. Welding apprentices should be informed about these advantages and occupational hazards within their work. This differentiation of the welding apprentice and future worker generates profits for contracting companies, as publications analyzed in this review [28] show there was an expected financial return on investment in apprentices for two years, but the same was achieved in seven months.
Moreover, the improvement of welding techniques helps welding apprentices to minimize the risk factors present in the learning environment. Reports on the development of tools to facilitate the learning of the welder [23, 29] minimize the exposure time of apprentices to risk factors. The exposure is less because the time that welding apprentices need to achieve the same results is smaller. Consequently, health disorders and accidents linked to risk factors will be reduced.
In this context, observation is made of the relationship between the apprentice's own qualification of welding, with regard to technique and learning technology, as a process that is by itself characteristic of the work and requires concern for the health of the worker and which should be included as an essential topic in the very process of developing this skill.
It is considered that the number of analyzed texts reflects the limit of the study; however, it underlines the importance of this review and, therefore, encourages the inclusion of new studies on the subject in specific reference to technological and professional course apprentices, as an area of occupational and public focus.
CONCLUSIONS
Although a few articles were found on the theme, and it should be noted that most studies were performed in developed countries, they show concerns about respiratory health, genetics and neuropsychology and for the improvement of welding techniques prior to placement of apprentices in the labour market. The synthesis of scientific knowledge to infer poses a methodological profile that enhances the work and the process of welding apprenticeship.
It is felt that the objectives of this study have been achieved and that the identification of only a few publications on welding apprentices constitutes a need for knowledge construction in the occupational and public health area for assistance, especially regarding the health of the welder, supported even in their own acquired knowledge about what is an apprentice welder. Examples of this are the work of welding, occupational hazards, working conditions and even the technology involved in this work. Using these elements, a solid theoretical and methodological base for developing occupational health interventions can be built.
